Introduction
A cooperative study of the economic feasibility and environmental impacts of near complete harvesting of lodgepole pine (Pinus aontorta Dougl.) It reported that fiber yields were increased by 35 percent using near complete harvesting standards.
This report discusses the equipment, methods, and costs of logging in this stydy area.
The effects of these logging methods on regeneration, nutrient cycling, hydrology, wildlife, esthetics, and overall costs and benefits will be reported as data become available and are evaluated.
Description of Logging Units
Two blocks, each about 40 acres, were laid out in similar stands of lodgepole pine. One half of each block, designated a cutting unit, was harvested to conventional clearcutting standards, the other half was harvested to "near complete" standards. The cutting units, numbered 1 through 4, totaled approximately 80 acres ( fig. 1) Since there was no past experience with near complete harvesting, equipment on the market was studied and a logging system was designed that would have good prospects for economic success. The potential market for residues would be for pulp or reconstituted wood products; therefore, logging debris had to be chipped. All residue, including bark, limbs, and needles, was chipped in a portable chipper at the landing ( fig. 3 ) .
Trees were felled with a feller-buncher (fig. 4) and were skidded with both rubber-tired and crawler skidders (fig. 5 ) .
Logs were bucked and limbed with chainsaws at the landing, loaded on trucks with a heelboom loader, and were hauled to mill by contract haulers.
All of the merchantable logs were transported 40 miles to the U.S. Plywood mill at Dubois, Wyoming.
Part of the chips produced at the site were used for experimental pulping and particle board manufacture by Champion International and the U.S. Forest Products Laboratory. The remainder will be used for experimental spreading over test plots at the site, or disposed of off site. Logging Production and Costs Logging production was recorded daily for each piece of equipment (Cross Data) Time was recorded for operational, delay, and down periods. Merchantable volumes were weight-scaled, and nonmerchantable chip volumes were measured in piles at the landing. A separate piece count was recorded for merchantable and nonmerchantable material handled by the feller-buncher and the skidders.
Production data were converted to cost by using industry's average equipment costs and wage rates for the area.
The costs represent only the direct cost of logging and supervision at the field level. Overhead items such as payroll cost, general administration, etc., are not included. For this study, the chips were piled at the site for later experimental use.
In a commercial operation, they would be blown into vans and transported to the mill. The cost of transporting chips is estimated from going rates and is shown in table 1.
The cost of harvesting and delivering merchantable logs to the mill are similar for both methods and are primarily influenced by piece size for the felling, bucking, and skidding operations. The slope of the curves in figure 6 indicates that in near complete harvesting skidding costs are lower and are less sensitive to piece size than in conventional harvesting. This is mainly because it is more efficient to skid small trees whole than to skid them in pieces. Another possible explanation for reduced cost is that it was not considered practical to remove defects from full trees skidded to the landing. Instead, the entire tree was chipped, which reduced the cost of handling small merchantable logs.
(This is also the primary reason for lower merchantable volumes harvested in Units 1 and 4.) Also, in other skidding studies, prebunching of merchantable material has been shown to reduce skidding costs.
The cost of handling and piling the nonmerchantable material (top and limbs) in Units 1 and 4 could be charged against the merchantable volume rather than to the production of BDU's of chips, as was done in this study.
Best allocation of these costs can be determined in future sales when and if this level of utilization becomes commercially profitable.
Experience gained from this study and analysis of production capabilities of equipment used for the near complete harvesting units indicates that cost savings could be realized by more careful planning.
These possibilities are investigated in Part II.
PART 11: Recommended Logging Operation for Near Complete Harvesting
As suggested in the conclusion of Part I, costs could probably be lowered significantly by using the most productive equipment for each operation. Table 1 in Part I reports the cost of logging as experienced during the actual operation.
In Part II, selecting the most productive units and combining those into a well-scheduled operation gives at least an order of magnitude estimate of possible improvement in cost.
Production Capabilities, Planning, and Scheduling
To simplify the process of system design and scheduling, all fiber units of measurement were converted to bone dry tons (BDT) . Table 3 shows the tonnage harvested in both units Table 4 gives hourly operating costs and production capabilities of the equipment used in a proposed logging operation in dollars and bone dry tons of fiber, respectively. In the last two columns, production in dollars per bone dry ton per hour is given for equipment (operating at the capacity experienced during the study) for a balanced hot logging operation (System I) and a scheduled operation that provides for each equipment type operating at full capacity (System II). Table 5 shows what is meant by a balanced operation--if all of the equipment is moved to the job about the same time, then the entire harvesting operation would produce at the rate of the least productive element.
In this case, it would be the fel ler-buncher ; i.e., 25.45 BDT/hr. Table 5 defines the number of units of each class of equipment needed for a balanced logging operation (column 3). In a hot logging operation, all elements or subsystems operate simultaneously.
In column 5, the percentage of utilization of each class of equipment is shown.
Columns 6 and 7 are used for scheduling the equipment on the job as shown in figure 7.
From Table 4 , the costs are $8.83/BDT and $8.19/BDT for Systems I and IT, respectively. If these two systems were to operate at 80 percent efficiency, which is a reasonable goal, then the costs are $11.02 and $10.22. These figures are exclusive of landing, and supervision, crew transportation, and service, which were computed to be as fol lows Landing $1.67/BDT Supervision, Transportation, Service . 42/ BPT $2.09/BDT These costs must be added to the other costs $; i.e., $11.02 + $2.09 = $13.11, and $10.22 + $2.09 = $12.31, respectively. These figures are weighted averages for the near complete harvesting units (1, 4) for both harvesting systems; i.e., the actual and the simulated operations . 
Summary and Conclusions
The costs of harvesting merchantable material using conventional harvesting and near complete harvesting were almost the same: $33.27/Mfbm and $33.50/Mfbm, respectively.
The cost of harvesting the nonmerchantable material indicates that a net profit per acre in a near complete harvest may be possible if markets develop for the residue It has been shown in Part II that a significant cost savings is possible in a carefully scheduled operation using the most productive equipment.
Further savings would be possible after the crews have had more experience with this method of logging.
In conclusion, more complete utilization of the fiber resource may be possible in the future by using near complete harvesting methods and carefully planned harvesting operations REGION NO 
